The slash-and-burn agriculture practiced across tropical dry regions results in the elimination of native vegetation. Upon fi eld abandonment, the seed bank becomes a potentially important mechanism of natural regeneration at early successional stages. Soil properties and climate seasonality may affect seed bank characteristics, thus we analyzed the effects of these two factors on seed bank density and composition in agricultural fi elds of a seasonally dry tropical region of southern Mexico. Soil cores were collected for the rainy and the dry seasons in order to assess changes occurring in the seed bank from the time of harvest to the moment when succession could potentially start (the next rainy season). The 12 studied fi elds comprised three different soil types recognized by local inhabitants: sandy and stony, silty, and clayey soils, locally known as cascajo, black soil, and red soil, respectively. At each fi eld 20 soil cores (8 cm diameter, 4.5 cm depth) were collected and mixed to form four pooled samples, which were placed in a greenhouse to induce germination. A total of 4,422 seedlings (2,291 seeds m -2 ) representing 40 species were recorded. The most abundant species were, in decreasing order, Melanthera nivea, Rhynchelytrum repens, Waltheria indica, Amaranthus scariosus, Digitaria bicornis, and Cenchrus pilosus. Herbs were the prevailing growth form (> 80% of total richness). No clear pattern was observed in the seed bank related to soil type; however, seed bank characteristics tended to be associated with the time of use of the agricultural fi elds, a variable that was not controlled in the study. Seed bank species richness was signifi cantly larger in the dry season, and although seed density showed a similar trend, it was not signifi cant. The studied seed banks contain no elements of the regional primary tropical dry forest, which suggests that seed banks in deforested areas cannot guarantee their maintenance beyond forested areas. Key words: seed bank seasonal variation, seed germination, soil heterogeneity, tropical forest regeneration, weed ecology.
T ropical dry forests (TDFs) have been severely modifi ed or destroyed worldwide owing to human activities (Janzen, 1988; Lerdau et al., 1991; Fajardo et al., 2005; Sánchez-Azofeifa et al., 2005) . In Mexico, unchecked human population growth and the ever-increasing need to produce food have resulted in a constant opening of agricultural fi elds and pastures in TDF regions in the last decades (Challenger, 1998; Trejo and Dirzo, 2000; Burgos and Maass, 2004; Maass et al., 2010) . Several factors have been proposed to contribute to the speedy conversion of TDF into productive systems, including the relative ease of clearing the short-statured forest, and the presence of a suite of less aggressive weeds compared to those from tropical humid regions (Murphy and Lugo, 1986) . Agricultural fi elds in TDF regions are often abandoned after one or a few crop cycles based on slash-and-burn practices, mostly due to fertility loss and soil erosion (Ewel et al., 1981; Maass et al., 1988; Jaramillo et al., 2010) , in addition to other less-well understood factors such as the increase in weed density.
Upon abandonment of agricultural fi elds a natural process of vegetation recovery takes place; however, several factors may hinder or delay the course of succession (Uhl et al., 1988; Chapman and Chapman, 1999; Holl, 1999; Wijdeven and Kuzee, 2000; Meli, 2003) . Successional routes of recovering plant communities are largely dependent on a few regeneration strategies displayed by plants (Grime, 1979; Oliver, 1980) , which in turn show a certain dependence on previous land uses ( Romero-Duque et al., 2007) . Common regeneration mechanisms in abandoned fi elds occurring in different ecosystems are: (1) re-sprouting from stumps and roots that survived the agricultural process (Miller and Kauffman, 1998; Vieira and Scariot, 2006) , (2) germination from newly dispersed propagules into the site (Ramírez-Marcial et al., 1992; Ekeleme et al., 2000; Kennard et al., 2002) , and (3) germination of seeds that remained in situ, deposited in the soil seed bank (Ewel et al., 1981; QuintanaAscencio et al., 1996; Hyatt and Casper, 2000; Kennard et al., 2002; Luzuriaga et al., 2005) .
Germination of seeds from the soil seed bank in systems repeatedly subjected to intense fi res may be an important driver of vegetation recovery (Kennard et al., 2002) , particularly in TDF areas widely affected by slash-and-burn agriculture (Skoglund, 1992) , because in those areas stumps and roots tend to disappear completely after such practices. However, there is also evidence showing limited establishment from seeds at early successional stages due to a shortage of propagules (Uhl et al., 1981) . Similarly, seed banks appear to contribute more to the establishment of herbaceous than of woody species (Rico-Gray and García-Franco, 1992; Miller, 1999; Lemenih and Teketay, 2006) , particularly when the infl ux of seeds of forest species is limited due to the lack of nearby forest fragments in the landscape (Holl, 1999; Wijdeven and Kuzee, 2000; Cubiña and Aide, 2001 ).
Though there is much less information on seed bank characteristics in TDF regions (Rico-Gray and García-Franco, 1992; Miller, 1999; Khurana and Singh, 2001 ) than for the humid tropics (e.g. Kellman, 1974; Uhl et al., 1981; Quintana-Ascencio et al., 1996; Guevara et al., 2005) , the combined evidence from all tropical regions allows the identifi cation of the gamut of factors potentially affecting tropical seed bank characteristics. These factors comprise, inter alia, time of use of the agricultural fi elds (Kellman, 1974; Ewel et al., 1981; Pickett and McDonnell, 1989; Burgos and Maass, 2004; Guevara et al., 2005) , distance to and the type of surrounding vegetation (Quintana-Ascencio et al., 1996; Guevara et al., 2005) , agricultural practices (Ewel et al., 1981; Miller, 1999; Kennard et al., 2002; Lemenih and Teketay, 2006) , and soil conditions (Uhl and Clark, 1983; Cavers and Benoit, 1989) .
Regarding the infl uence of soil attributes on seed bank density and composition, different components of the edaphic variation in a region can be clearly related in complex ways to seed bank composition and dynamics (e.g. Russell-Smith and Lucas, 2009); for example, Kellman (1974) found a negative effect of acidic pH on species richness. Perhaps the most important soil physical trait affecting seed banks is soil texture, as different textures can aid or restrict the entrance of seeds into the soil, and later they can trigger differential germination responses because of differences in water retention, the probability of seeds to become scarifi ed under a given soil particle size distribution, and the differences in soil porosity and the consequent differential gas exchange and light penetration (Paatela and Erviö, 1971; Vincent and Cavers, 1978; Pareja and Staniforth, 1985; Colosi et al., 1988; Wild, 1993; Baskin and Baskin, 1998) .
A further relevant factor for the study of soil seed banks in TDF regions is its temporal behavior associated to rainfall seasonality. Seasonal precipitation causes distinct pulses of fruit maturation, seed production and germination, and seedling establishment throughout the year (McLaren and McDonald, 2005) ; for example, previous studies have suggested the existence of a post-harvest increase in the number of seeds (and species) in the soil seed banks of these environments due to increased propagule maturation and dispersal during the dry season (Garwood, 1983; Dalling et al., 1998; Pérez and Santiago, 2001) .
The goals of this study were twofold. First we analyzed the effect of soil type on the variability of seed bank size and species composition in a TDF region of southern Mexico. Second, we evaluated seasonal changes in seed bank characteristics from the time of crop harvest to the end of the following dry season, when secondary succession could potentially start upon fi eld abandonment. Our ultimate aim was to assess the possible role of the seed bank in the regeneration of this TDF. We hypothesized that the different soils recognized by local farmers would be associated with differences in seed bank characteristics. Also, given the variations in the activity of soil biota depending on water availability in the system, we expected the seed bank to be richer and denser at the end of the dry season, although previous studies have reported contradictory results on this issue (Grombone-Guaratini and Rodrigues, 2002; Martins and Engel, 2007) .
Study region
The fi elds where the soil seed banks were studied are located in the vicinity of Nizanda (16° 39' N, 95º 00' W), a small village found in the southern portion of the Isthmus of Tehuantepec, Oaxaca State, southern Mexico (Figure 1 ). Elevation in the area ranges from 100 to 750 m a.s.l., but most agricultural fi elds lie between 100 and 300 m. The main bedrock in the area where these fi elds are located is a matrix of metamorphic rocks, mainly siliciclastic phyllite (Pérez-Gutiérrez et al., 2009) . Climate is typical of the Pacifi c watershed lowlands in southern Mexico, i.e., warm sub-humid, with summer to mid-autumn (June-October) rains. On average, total annual precipitation is ca. 900 mm, and mean annual temperature is 26 °C. After the relatively short rainy season, precipitation is almost non-existent, except for some isolated rain events caused by incoming cold air masses (nortes) from the Gulf of Mexico during fall and winter. Agroecosystems still cover a relatively minor proportion of the study region . Except for those fi elds located on deeper soils in the fl oodplains of the intermittent stream known as Río Verde, the large majority of agricultural fi elds are relatively small, usually < 0.5 ha (Lebrija-Trejos et al., 2008) . The main crop in Nizanda is maize or corn, which is usually grown in mixture with squash, but there is an increasing trend to produce cash crops such as sesame and sorghum. As in other TDF regions of Mexico, Central America, and elsewhere, the fi rst step in the agricultural cycle is land preparation, which is done through the slash-and-burn system. Afterward, soils may be plowed but occasionally seeds are planted with a coa (traditional planting stick) without previous plowing. Harvest takes place in the late rainy season, usually in October. When a fi eld is not abandoned, farmers prepare the land for one more agricultural cycle at the end of the following dry season.
Materials and methods
Site selection and soil description. The farmers of Nizanda distinguish three soil types: cascajo (a term roughly equivalent to pebbles), black soil, and red soil. Previous studies have demonstrated the usefulness and accuracy of traditional soil classifi cations developed by local peoples (BarreraBassols and Zinck, 2003; Cervantes-Gutiérrez et al., 2005) . Cascajo refers to a relatively shallow, sandy and stony soil that is common on moderately-sloped hillsides. Black soils are silty and considerably less stony than cascajo, and often occur in fl at land. Stoniness is also low in red soils, but these are more clayey, and are mostly located on fl at terrain as well. With the assistance of local farmers we chose a group of 12 fi elds, with four fi elds representing each soil type. All selected fi elds were being used for food production when the study started, and they were harvested just before the fi rst soil core collection.
For each site we provided a broad description of surface soil characteristics (to 40 cm depth). Soil description was done following Siebe et al. (1996) and included soil texture (assessed through the 'tact test' of the fi ne soil fraction [< 2 mm] for determining malleability, consistency and granularity), stoniness (percent volume occupied by pebbles and stones), color (according to The Munsell® Book of Color, Glossy Collection), pH (indicator paper), pF (soil suction, a moisture-retaining characteristic of the soil, assessed through direct observation by tact and color change when adding water), soil structure (aggregate shape and size), aggregate stability (degree of disintegration of aggregates when placed in water), and bulk density (indirectly assessed through the effort required to insert a knife in the upper soil horizon when dry). For each agricultural fi eld, time of use was obtained by interviewing the owner.
Seed bank sampling. Soil samples were collected in two seasons. The fi rst sampling was done in November 2005, just after the harvest and at the end of the rainy (wet) season. The second set of soil samples was collected in March 2006, at the peak of the following dry season, but before the fi elds were burned as part of site preparation for the subsequent agricultural cycle. The fi rst samples were assumed to represent seed bank conditions just after disturbance (agriculture) cessation, whereas dry season samples were assumed to exemplify seed bank features at the time when succession would start, should the fi eld be abandoned. Hereafter these two sets will be referred to as the wet season and the dry season samples, respectively.
At each site (i.e. agricultural fi eld), fi ve soil cores were collected at 5 m intervals along each of four 20 m long compass lines set up centrally in the fi eld and 7 m apart from each other. Where plough furrows were still visible, compass lines were set up perpendicularly to them and sample collection alternated between the crests and bottoms of the furrows. The decision to take 20 soil cores per site was based on the benefi ts derived from collecting more samples by site rather than larger but fewer samples Butler and Chazdon, 1998) . Given the well-established decreasing pattern of seed density with increasing depth in the soil (Dalling et al., 1998; Luzuriaga et al., 2005) , cores were collected from the surface soil (8 cm diameter, 4.5 cm deep; area = 50.27 cm 2 , volume = 226.19 cm 3 ). The fi ve soil cores collected along each line were mixed thoroughly to produce a single pooled sample per line. Pooled samples were placed in paper bags and kept in cardboard boxes for transportation to Mexico City. Samples were stored for some time (< 4 months) in dark, cool conditions due to limited greenhouse space availability.
Seed bank composition.
Owing to the diffi culty to determine directly the taxonomic identities of the seeds stored in the seed bank, we opted for the commonly used germination method to examine seed bank composition (Poiani and Carter-Johnson, 1988; Gross, 1990) . After sieving to discard stones and organic remains, a fraction representing 80% of the pooled samples was placed in 26 × 52 cm plastic trays previously fi lled with a 2.5 cm deep layer of agrolite/vermiculite (2:1) mixture; the total soil surface represented in each tray was 804.32 cm 2 , and correspondingly for each soil type total surface was 3,217.3 cm 2 . These fi gures were used to calculate seed density per meter squared.
The trays were placed in the greenhouse using a random block design; four blocks were established, each containing an equal number of samples for each site and soil type. The trays were inspected for seed germination for 18 weeks, initially at three-day intervals and weekly thereafter. Individual germinated seeds were marked with color-coded toothpicks and bijoux to prevent double tallying. The soil was kept moist by spraying water as frequently as needed. Air temperature in the greenhouse ranged between 11 °C and 43 °C, with a mean temperature of 22.4 °C.
Seedlings emerging from germinated seeds were allowed to grow for a few days until it was safe to transfer them to individual containers to grow in a greenhouse. Taxonomic determination was achieved by comparison with our herbarium specimens from the study region (Pérez-García et al., 2001; or with the aid of specialist taxonomists at our institution.
Data analysis. Two-way ANOVAS were performed with Statistica 8 (StatSoft Inc., 2007) to assess the effects of soil type and season on seed density and species richness; data were square-root transformed to meet normality assumptions (Zar, 1999) .
Changes in species composition between seasons for each fi eld were assessed by calculating the fl oristic similarity between them using the Jaccard coeffi cient (Kent and Coker, 1994) . In addition, two hierarchical classifi cations of the studied fi elds were performed, one based on species incidence (presence/absence) data, and the other on species abundances (proportions of seeds by species) stored in the seed banks. In both cases the clustering was done with Ward's (minimum variance) method and using Euclidean distances as dissimilarity measure (Kent and Coker, 1994) . This analysis was also performed with Statistica.
Results

Between-fi eld comparison of soil traits and use history.
The three soil types were similar regarding pH (range: 6-7), soil suction (pF range: 4-5), bulk density (mostly high but medium at three sites), and aggregate shape and stability (moderately unstable to very unstable clods or fragments), but they showed marked differences in texture and stoniness (Table 1) . Cascajo soils were mainly sandy loam and had angular pebbles (63-200 mm) accounting for a much larger proportion (30-50%) of soil volume than in the other two soil types. Black soils had a silt loam texture predominantly and contained small to large pebbles (2-63 mm) that occupied between 2-5% of soil volume. Red soils were mostly clay loam and contained large pebbles (20-63 mm) representing between 1-10% of their soil volume.
In addition to soil properties, we also recorded betweensite differences in the land-use history and the vegetation surrounding the fi elds (Table 1) . Sites with cascajo soils were always located on hillsides, unlike those on the other soil types, which were always located on fl at terrain. Regarding other characteristics, there were no clear trends in time of use and surrounding vegetation for the fi elds located on each soil type. Time of use had a bimodal frequency distribution, as the set of fi elds had been either cultivated for just one year or for periods ranging from 10 to 65 yr. Similarly, surrounding vegetation included various combinations of secondary vegetation, maize fi elds and in a few cases (excepting black soils), mature forest, without any clear trend associated with soil type. 
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curves of numbers of germinated seedlings and species in the soil cores for the wet and the dry season are given separately in fi gure 2. In general, these curves showed clear stabilizing trends, particularly those pertaining to number of species. The only exception was the cumulative curve for germinated seeds in the wet season, which continued to increase even after four months. Species richness did not show any increase beyond 13 weeks in the case of wet season cores, and beyond fi ve weeks in those from the dry season.
A grand total of 4,422 seeds germinated in the greenhouse; seedlings represented 40 morphospecies distributed in 18 families (Appendix 1). Overall mean (± S.E.) seed bank density in the fi elds was 2,291 ± 639 seeds m 2 . Thirtythree morphospecies were determined to species level, two to genus level, and one to family level only; the taxonomic adscription of four seed morphs remained unknown at all levels. Poaceae was the most speciose family (8 species), followed by Fabaceae (4). The seven families having two or more species accounted for over 62.5% of total richness, whereas the remaining 11 families, each represented by a single species, only accounted for 27.5% (Figure 3 ).
The most abundant species in the seed bank, regardless of soil type or season and in decreasing order, were Melanthera nivea, Rhynchelytrum repens, Waltheria indica, Amaranthus scariosus, Digitaria bicornis, and Cenchrus pilosus. These six species accounted for 63% of all germinated seeds. Species with the highest frequencies across sites were R. repens (10 sites), W. indica (10) and Caryophyllaceae sp. (9); no single species was recorded at all 12 sites even after pooling the information for the two seasons.
Growth form distribution. The relative proportions of growth forms in the seed banks of the three soils are shown on fi gure 4, based both on number of species ( Figure 4A ) and number of seeds ( Figure 4B ). According to the number of species, herbs (forbs and grasses together) were the prevailing life form; the small remaining fractions were mostly shrubs or species with unknown life form, and only cascajo soils contained one tree species in the seed bank. The pattern obtained from the density-based analysis was similar, except that the categories corresponding to unknown life forms and trees virtually disappeared due to a very low rep- resentation. Moreover, the proportion of shrubs in cascajo soils increased notably, although this increase was largely due to the very abundant Waltheria indica. In addition, the proportions of grasses in all soil types increased.
Effects of soil type and season on seed bank density. The analysis of variance showed that neither soil type nor season (or their interaction) had signifi cant effects on seed bank density (Table 2) . Nonetheless, the differences in the means calculated for this variable were noticeable (Appendix 2). Mean seed densities in the three soil types tended to be higher in the dry season ( Figure 5A ). Also, mean seed density tended to be higher in cascajo ( Figure 5B ), and this variable was almost three-fold larger in the dry season than in the wet season for all soil types combined ( Figure 5C ).
Effects of soil type and season on seed bank diversity.
Total species richness in the seed bank varied only slightly in response to soil type (32 species in cascajo, 31 in black soils, and 27 in red soils). Mean richness was similar among the three soil types ( Figure 5E ). Nonetheless, there was a large difference in total richness between season (wet season, 25 species; dry season, 37 species; Appendix 1), and mean species richness differed signifi cantly between seasons (Table  2) . Mean species richness in the soil seed bank of the dry season almost doubled the value observed for the wet season ( Figure 5F ), and this between-season difference was maintained when each soil type was analyzed separately ( Figure 5D ). There was no signifi cant effect of the soil × season interaction (Table 2) . Moreover, when considering species composition regardless of species abundances, relatively low similarities between the samples of the dry and the wet seasons for each fi eld were observed (mean Jaccard similarity index for each fi eld by soil type: 27.5%, 16.3% and 34.3% for cascajo, black and red soils, respectively). Despite the lack of between-soil differences in species richness and the modest total richness observed in the studied seed banks, there were some remarkable between-soil type differences in the identities of the most abundant species (Table 3 ). In cascajo soils Rhynchelytrum repens was the most abundant species, followed closely by Melanthera nivea and Waltheria indica (combined relative abundance: 61.1%). In turn, the most abundant species in black soils was Amaranthus scariosus, followed by Trianthema portulacastrum, M. nivea, and Panicum fasciculatum (combined relatively abundance: 64.7%). Finally, 65.5% of the seedlings recorded in red soils were accounted for Cenchrus pilosus (the most abundant species), M. nivea, Digitaria bicornis, and Euphorbia heterophylla.
Classifi cation analysis. The dendrograms resulting from the classifi cations of the 12 fi elds based respectively on species Table 3 . Densities (seeds m -2 ) of the most abundant species in the seed banks of agricultural fi elds with different soil type. To the right of the densities are shown the ranks (r) of the fi ve most abundant species in each soil type.
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incidence and abundance data in their pooled seed banks from the wet and the dry season are shown in fi gure 6. In the incidence-based classifi cation, two well-defi ned and equalsized groups were distinguished at a linkage distance of 5 ( Figure 6A ). One group included sites R2, R1, C4, B3, B1, and C3, while the other included sites R3, B4, R4, C2, B2 and C1.
The abundance-based classifi cation also formed two groups clearly distinguished at a cutoff distance of 500, with site C1 remaining as an unclassifi ed outlier ( Figure 6B ). As in the previous case, this classifi cation did not show any clustering pattern that could be related to soil type. Moreover, the strong dominance of a few very abundant species led to a dendrogram confi guration different from that based on species incidence data: the fi rst group (sites R4, R3, B4, B1, B3, R1, C4 and C3) was more numerous and homogenous than the second one (sites R2, B2 and C2).
Discussion
Seed bank size and composition. Both the total density of the seed bank in Nizanda (2,291 seeds m -2 ) and the number of species stored in it (40 species) have an intermediate position among fi gures reported for other tropical dry regions. Lemenih and Teketay (2006) found 1,425 seeds m -2 belonging to 66 species in the seed bank of agricultural soils in an Afromontane dry forest region in Ethiopia. In less distant tropical dry forest locations within Mexico, Rico-Gray and García-Franco (1992) reported 1,815 seeds m 2 representing 29 species in Yucatán, whereas Miller (1999) found a higher density (3,502 seeds m -2 ) but a less rich composition (13 species) in Jalisco.
Among the most abundant species in the seed banks of the agricultural fi elds of Nizanda are Melanthera nivea (Asteraceae), the exotic Rhynchelytrum repens (Poaceae), and Waltheria indica (Sterculiaceae). These species, widely recognized weeds in the Mexican fl ora (Villaseñor and Espinosa-García, 2004) , together represented 40% of all germinated seeds recovered from the soils. An overabundance of seeds of weedy species in seed banks of crop fi elds may modify the fl ora of recovering forests in the long-term (Quintana-Ascencio et al., 1996) , considering their strong competitive abilities and rapidly growing populations (Zimdahl, 1999) . However, it has also been suggested that they may have positive effects on early successional communities established in abandoned fi elds by providing favorable conditions for the establishment of later successional species (Uhl et al., 1981) , particularly in the harsh near-ground micro-environments typical of early successional stages in tropical dry forests . In a study on forest succession conducted in our study region at sites with cascajo soils, Lebrija-Trejos et al. (2008) reported that Waltheria indica was the dominant species in the youngest fallows (relative abundance of 67% in a re- 
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cently abandoned fi eld, and 19% in a 1-yr old fallow). Thus, at least for this species, our study provides evidence that the initial composition and structure during the successional process of Nizanda is strongly infl uenced by its presence in the seed bank, as has been suggested for other sites (Garwood, 1989; Marod et al., 2002) .
Growth forms. In TDF regions, herbs are often the most common growth form in seed banks of agricultural fi elds, accounting for as much as 90% of all seeds (Rico-Gray and García-Franco, 1992; Lemenih and Teketay, 2006) . This fraction is slightly larger than those found in this study (77.5% of all species; 88.2% of all seeds). Dominance of herbs in seed banks of agricultural fi elds may be caused by several factors; for example, the small size of seeds of herbaceous species makes it easier for them to penetrate the soil (Zimdahl, 1999; Khurana and Singh, 2001) . Also, the short reproductive cycles (sometimes even shorter than annual) and prompt seedling emergence facilitate their simultaneous establishment with the growing crop plants or shortly after they have been harvested when fi elds are left to rest. Newlyestablished populations of herbs in agricultural fi elds may trigger a positive feedback loop, as they will start producing large amount of seed shortly after their establishment (Uhl et al., 1982; Cavers and Benoit, 1989) . At sites that were burned for a long time some seeds remain as long as they can tolerate high temperatures, and in some cases fi re promotes their germination (Rico-Gray and García-Franco, 1992; Khurana and Singh, 2001 ). The majority of herbaceous species in the seed bank of Nizanda were forbs (58%), whereas grasses accounted only for 20% of the total. Grasses and grass-like species vary greatly in their representation in seed banks of tropical regions, with values ranging between 9 and 96% (Rico-Gray and García-Franco, 1992; Miller, 1999) . At least in some regions it is suspected that cattle used for the agricultural tasks may be an effi cient mechanism of bringing seeds into the fi elds (Uhl et al., 1988) .
As is often the case, woody species had an extremely poor representation in the seed bank of Nizanda (fi ve species; four shrubs, and one tree). This number is similar to the four woody species reported by Rico-Gray and García-Franco (1992) , and the six species reported by Lemenih and Teketay (2006) . Interestingly, the only tree species found in the seed bank of Nizanda, Acacia cochliacantha, is a common element in early successional stands in the region (Lebrija-Trejos et al., 2008) ; however, this is by no means the dominant species either in those fallows or in the mature forest. In the fallows, the dominant trees are Mimosa acantholoba var. eurycarpa and M. tenuifolia, but not a single seed of these species was found in the bank. The scarcity of mature forest tree and shrub species in the seed banks of agricultural fi elds suggests that their propagules face strong dispersal limitations; moreover, the few seeds that successfully arrive at the agricultural fi elds may be vulnerable to animal predation, pathogen attack, desiccation, or damage by fi re (Quintana-Ascencio et al., 1996; Dalling et al., 1998; Lemenih and Teketay, 2006) .
Seed bank heterogeneity.
It has long been suggested that soil characteristics like texture and aggregate structure can affect seed bank dynamics in agricultural fi elds (Brenchley and Warington, 1930; Paatela and Erviö, 1971; Pareja and Staniforth, 1985; Colosi et al., 1988) . The most important difference between the three soil types compared in this study was related to texture and stoniness. In spite of these differences, we failed to observe clear patterns in seed bank density and overall fl oristic structure that could be related to soil type. This was particularly clear from the results of the classifi cation analysis. Similarly, the ANOVAs used to compare seed bank richness and density between soil types did not show any signifi cant differences, despite a strong tendency of sites with cascajo soils to have higher densities (mean densities in black and red soils were one-half and two-thirds, respectively, in comparison with mean density in cascajo soils). Although in the case of seed density the lack of signifi cant differences may be at least partially accounted for by the enormous variability observed for this trait within each soil type, this is certainly not the case for species richness. The results of this study indicate that edaphic-related soil differences among sites do not play a key role in determining seed bank densities at the start of successional processes in Nizanda. However, our results also showed that this interpretation does not necessarily apply to the case of species dominance and growth-form spectra. On the one hand, the most abundant species in the seed banks were different for each soil type (Table 3) ; on the other, cascajo soils had a slightly larger proportion of seeds of shrubby species, particularly of Waltheria indica, one of the dominant species of early successional stages at sites with cascajo soil in the region (Lebrija-Trejos et al., 2008) . Therefore, future studies on secondary succession that focus on sites located on the other soil types could prove the existence of early differences in the vegetation recovery process. Nonetheless, it is uncertain whether these differences would persist into late successional stages, given the apparent convergence towards a few dominant pioneer tree species in most of the area covered by the secondary vegetation across the region.
While analyzing the data it became evident that an originally unforeseen factor could potentially play a role in driving some seed bank traits. This evidence came from a closer inspection of the groups produced by the classifi cation of agricultural fi elds based both on qualitative and quantitative data. In both cases the resulting groups were heterogeneous regarding soil type. However, there was an apparent separation between fi elds that had been used during short periods of time and fi elds with a longer history of use. We thus performed a non-parametric Spearman correlation analysis between time of use and two seed bank characteristics, namely seed density and species richness. Time of use was signifi cantly correlated with total seed density ( Figure  7A ), and with dry-season mean seed density ( Figure 7C ), but it was not so with seed bank species richness of any data set ( Figure 7D, E, F) . The observed signifi cant correlations could be associated with the effects of the continuous slashand-burn agriculture practiced on these fi elds (Miller, 1999; Kennard et al., 2002; Lemenih and Teketay, 2006) . As time goes by, seed bank content may increase by the accumulation of seeds of early successional or weedy species, whose life cycles are fi nely adapted to the growing season for crops (Uhl et al., 1982; Cavers and Benoit, 1989) . However, it must be acknowledged that the relationships shown on fi gure 7 also suggest the existence of other unknown factors capable of producing high seed bank densities even in fi elds that were used for a few years.
Seasonal changes in the seed bank. For some seasonally dry tropical systems larger seed bank densities have been reported for the dry season (Garwood, 1983; Dalling et al., 1997; Pérez and Santiago, 2001) . The between-season difference in this seed bank trait has been interpreted as a result of the permanence of some seeds with seasonal dormancy during the drought, given that several species have their propagules dispersed in this time of the year, and because of the exogenous dormancy common in them (Garwood, 1989) . In this study we also observed several changes in the seed bank size and composition between the wet and the dry seasons. Particularly important was the signifi cant increase in seed bank richness in all 12 sites from the wet to the dry season, along with a (non-signifi cant) trend towards a higher seed density in the dry season. That is, the seed bank grew and became richer from the time of harvest to the moment when seeds in the seed bank could have germinated.
Our results show that the between-season changes in the studied seed banks were not of the same magnitude at all sites. An examination of the changes occurring in the seed banks of the different sites between the two seasons also indicates that their traits did not became homogeneous with time between harvest and the peak of the dry season, suggesting strong idiosyncrasies in the studied seed banks. Between-season differences in seed bank traits can also be interpreted as an indication of the transient character of the seed banks in the agricultural fi elds at Nizanda (sensu Garwood, 1989) , but this character may be species-specifi c rather than a community trait.
Potential role of seed bank in TDF regeneration. The combined evidence discussed in the previous sections leaves some important unresolved questions regarding the role of the seed bank in the regeneration of the TDF in our study region.
For one, it is clear that the seed bank in recently abandoned fi elds of Nizanda hosts virtually no woody species; thus the soil seed bank seems to play a very minor role in promoting TDF regeneration. Although this result contrasts with the fi ndings of other studies that have analyzed seed banks of tropical regions (e.g. Grombone-Guaratini and Rodrigues, 2002), it resembles those from studies performed in successional TDF vegetation (Mena-Gallardo, 2009; MazaVillalobos et al., 2011) .
A strong motivation to conduct this study was the observation that at Nizanda very young fallows are dominated by an array of herbaceous, shrubby, and suffruticose plants for a short time (ca. 1-2 yr), after which trees belonging to a few spiny species of the Mimosaceae family take over the community, with an almost complete absence of mature forest trees in the forest canopy for almost 30 yr (LebrijaTrejos et al., 2008) . To our surprise, not only were these Mimosaceae trees not represented at all in the studied seed banks, but other potential pioneer tree species occurring in the region did not have seed banks either, including Cnidoscolus megacanthus Breckon, Cochlospermum vitifolium (Willd.) Spreng., Gliricidia sepium (Jacq.) Kunth, Guazuma ulmifolia Lam., and Heliocarpus pallidus Rose. We suggest that future studies should examine the possibility that the establishment of all these species in abandoned crop fi elds depends on propagule dispersal.
Conclusions
The bulk of seeds contained in the soil banks of agricultural fi elds at Nizanda correspond to herbaceous and shrub species. The most abundant species in the seed bank are Melanthera nivea, Rhynchelytrum repens, and Waltheria indica, which are all well known because of their weedy behavior. Contrary to our expectations, this study only provided evidence of a weak infl uence of soil type on seed bank characteristics in these environments; however, time of use of the fi elds emerged as a potential factor capable of affecting seed bank features, given the increases in richness and seed density with the increasing time of use of the agricultural fi eld. Future research should pay more attention to this explanatory variable, as it was not adequately controlled for in this study.
Our results clearly show that the studied seed banks contain virtually no elements of the primary tropical dry forest or of other plant communities of the region. This emphasizes the need to preserve some tracts of primary forest, as the seed banks of deforested areas do not seem to be capable of ensuring their maintenance beyond forested areas through a passive restoration process. Appendix 1. Absolute abundances of plant species recorded in the seed banks of 12 agricultural fi elds at Nizanda (Oaxaca), Mexico, differing in soil type. The fi rst set shows the fi gures for the wet season (November) and the second for the dry season (March). C = cascajo soil; B = black soil; R = red soil. Numbers in bold typeface are totals for species by soil type for each season. - 
Species
- - - - - - - - - - - 1 - 1 Galactea sp. - 2 - - 2 - - - - - - - - 2 2 Rhynchosia minima (L.) DC. - 1 - - 1 - - - 1 1 - - 4 4- - - - 1 - - 1 - - - - - Morphospecies 2 - - - - - - - - 1 1 - - - - - Morphospecies 3 1 1 - - 2 - - - - - - - - 1 1 Morphospecies 4 - - 1 - 1 - - - - - - - - - - Soil
